1969.-The electric activity of the small bowel was studied in conscious, healthy dogs by the use of chronically implanted platinum electrodes. A caudad-moving band of large-amplitude action potentials (electric complex) starting in the duodenum and traversing the small bowel was identified. When one such complex reached the ileum, another was developing in the duodenum and proximal jejunum. Complexes were found only in fasting dogs, In six, the estimated mean velocity of caudad migration of the complex ranged from 6.2 to 3.5 cm/min in the proximal bowel and 1.9 to 1.2 cm/min in the distal bowel. The duration of the complex at all levels of the bowel ranged from 7.0 to 4.8 min, and its calculated length from 36.5 to 25.0 cm in the proximal bowel to 12.0 to 6,O cm in the distal bowel. It appears that the function of the electric complex is to produce a caudad migrating band of rhythmic segmentation which moves the interdigestive contents down the small bowel and into the large bowel in preparation for the next meal, It is concluded that the motor complex it induces is the interdigestive Cc housekeeper" of the small bowel.
electrophysiology;
smooth muscle potential; electric activity of small bowel PREVIOUS STUDIES on the motor activity of the human (6) and canine (4, 5, 7, 8, l0) small intestine have demonstrated the occurrence of migrating motor complexes. The observations, however, were confined to short segments of the bowel, and the electric events responsible for the motor complex were not studied. The purpose of this report is to describe a migrating electric complex that occurs in fasting dogs. The complex is composed of a consecutive series of slow waves, on each of which is superimposed a burst of Iargeamplitude action potentials that distinguish it from other electric activity in the small bowel of fasting dogs. The complex develops in the upper small bowel and then migrates caudad to the ileum; as it terminates there, another starts in the duodenum or upper jejunum, and the recycling continues.
A correlation is made between these findings and those relating to migrating motor complexes observed by others.
The term electric complex will be used when referring to the migrating bursts of action potentials. It is not meant to signify an electric event that is different from the action potential and slow wave. Rather, it is used to indicate a pattern of electric activity in which action potentials occur in rhythmic sequence with every slow wave of a series and the caudad migration of this pattern along the small bowel.
MATERIALS AND METHODS
Seven healthy, female, mongrel dogs (lo-1 2 kg) were used. In three dogs, the electric potentials were detected by 15 unipolar and 5 bipolar platinum electrodes, and in four dogs, they were detected by 11 unipolar electrodes. The construction of the electrodes and the connector used to unite them to a recorder was patterned after those described by Allen, Poole, and Code (I). The unipolar electrodes consisted of one platinum wire which protruded 0.5 mm from the Teflon disk. The bipolar electrodes consisted of two platinum wires separated by 5 mm, the tip of each protruding 0.5 mm from the disk. With the use of surgical aseptic technique (no premeditations were used) while the dog was under pentobarbital anesthesia (30 mg/kg, intravenously), the electrodes were implanted at equal or very nearly equal distances, the first being placed on the duodenum and the last on the terminal ileum. The five bipolar electrodes, used in three dogs, were always the most distal and were oriented so that their detecting tips were at right angles to the long axis of the bowel.
Ten days after the operation, recording sessions were begun, and these were continued periodically for 3-6 months. The dogs were conscious and healthy and were trained to lie quietly in a sling during periods of recording. This value was divided into the distance between the electrodes, yielding the velocity of propagation in centimeters per minute. The value for the velocity was always assigned to the orad electrode of the pair. The terminal or orad end of the complex was selected for this definition because it was sharper than the caudad or advancing face of the complex. The duration of the complex at each electrode site was determined by direct inspection of the record. The length of the electric complex (LEG) was estimated by multiplying the velocity (u in cm/min) by the duration (d in min) of the complex:
Although the electrode distances of autopsy verified the electrode distances measured at the time of the operation, the values for velocity and calculated length are estimates since the exact distances between electrodes during the recording sessions were not known.
For determining whether the electric complex affects the slow wave, the frequency of the slow wave was determined at each electrode site 3 min before, 3 min during, and 3 min after passage of the complex.
RESULTS
Gmeral descrz'ption of complex. The precomplex electric activity of the duodenum and jejunum was characterized, first, by slow waves without action potentials, then by a period of randomly occurring bursts of action potentials superimposed on slow waves, with the burst becoming more frequent and the action potentials larger in amplitude (Figs. 1 and 2). The duration of the period of random and diffuse action potential activity varied from 15 to 40 min. The period terminated when, as every slow wave displayed action potentials of large amplitude, a group of them amalgamated into a recognizable complex extending over the duodenum and proximal jejunum, which then migrated in an orderly fashion caudad (Figs. 2 and 3) . The complex was bounded by a fuzzy caudad front separating it from the random and diffuse action potential activity into which it penetrated and by a sharp cephalad termination separating slow waves with large amplitude action potentials from slow waves without action potentials (Figs. 2 and 3) . Thus, the sequence of electric events characterizing a complex is, first, the occurrence of random and diffuse action potential activity becoming organized into a length of bowel displaying intensive action potential activity which then cctakes off" on a slow migration to the ileum. As the complex passes a recording site, it ends abruptly, leaving only slow waves in its wake. An example of the caudad progression of one complex in the same dog is shown in Figs. 4-7.
Such a migrating electric complex was regularly seen during fasting in six of the seven dogs. In the exception, they occurred only occasionally.
During a period of 3 weeks, this dog lost weight, became debilitated, and died from peritonitis.
The data derived from it were therefore not included in any of the calculations. During this study, 37 electric complexes were recorded in the six dogs. All complexes originated in the duodenum and proximal jejunum and were propagated caudad. Thirty complexes reached the terminal ileum.
The remaining complexes expired after traversing 75 % of the small bowel. In these instances, the amplitude of the action potentials became smaller and the complex was less well defined as the distance from the gastroduodenal junction increased. The period of recording over the entire small bowel was continued in 12 tests after termination of one complex to determine when another started. In each instance, when one complex reached the ileum, another was developing in the proximal small bowel (Fig. 8 ). These electric complexes were seen only in fasting dogs. For example, no complexes originated in 4 hr of recordings obtained in each of six dogs, starting 1 hr after a meal. Detailed description of electric complsx. In all dogs, the velocity of the electric complex slowed as the distance from the gastroduodenal junction increased (Fig. 9 ). In the orad 10 % of the bowel, the mean velocity ranged from 6.2 to 3.5 cm/min, whereas in the caudad 10% the range was 1.9-l .2 cm/min.
In all dogs, the caudad migration of the complex slowed more markedly within the first half of the small bowel than in the last half.
The mean total time (&SD) necessary for the electric complex to traverse the entire small bowel of each of the dogs varied between 115 (H2.9) and 183 (A9.3) min (Table 1) .
No consistent changes in the duration of the electric complex occurred as it migrated. The time required for the complex to pass a point in the bowel was the same in the proximal and distal portions, ranging from 4.8-7.0 min (Table 2) .
In all dogs, the calculated length of the electric complex (LEG) shortened as the distance from the gastroduodenal junction increased (Fig. 10) . In the orad 10 % of the small bowel, the mean calculated length ranged from 36.5 to 25.0 cm, whereas in the caudad 10 % the range was 12.0-6.0 cm. In all instances, the calculated length of the motor complex shortened more in the first half than in the last half of the small bowel.
The validity of the formulation LEC (cm) = u (cm/ min) X d (min) was checked by comparing the calculated LEC to the LEC obtained by visual inspection of the tracings. For example, in Fig. 2 complexes in each of six dogs, and the results were pooled. The passage of the electric complex past an electrode In 127 of a total of 144 observations, the AA+ change was site caused measurable changes in frequency of the slow positive, in 6 it was negative, and in the remaining 11 it wave. In general, the frequency of the slow wave was faster was zero. In the cumulative frequency distribution for after passage of the complex than before its arrival, and positive AAIB (Fig. 1 l) , the median increase in the slow-wave these changes occurred uniformly over the entire small frequency after passage of the electric complex was 0.8 because the time required for the complex to pass an electrode was similar at all levels of the bowel in every dog.
Eighty-one per cent of the observed electric complexes were propagated the entire length of the small bowel. When a complex reached the ileum, the electric activity of the duodenum and proximal jejunum was either of the precomplex or complex type. This recurrent sequence between the duodenum and the ileum would prescribe that only two electric complexes could occur simultaneously on the small bowel and that, in fasting dogs, a complex should always be present somewhere in the bowel. It appeared that both prescriptions were correct. Whentraverse the small bowel from duodenum to ileum ever a dog was placed in the stand, an electric complex could always be located somewhere along the small bowel. Because the dogs had fasted 21 hr when the recording session began and because each recording session lasted 3.5 hr, the electric complexes were certainly recycling in these dogs after fasting for 24 hr. How long the recycling would continue with prolonged fasting is unknown, The motor activity it induces, however, would mix the residual contents (for example, cellular debris) with interdigestive secretions and move these caudad. Hoelzel (9) noted in his own stomach that gastric secretions accumulated during motor quiescence but that less than 10 ml had been left after a period of vigorous gastric motor activity. Reinke et al. (lo) observed that expulsion of mutinous secretions from a duodenal cannula coincided with coordinated bursts of activity in the stomach and duodenum.
In terms of the entire small bowel, it is suggested that the function of the complex is to move the interdigestive 
